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Description 



nnno m ?''^"^'°" '^^^^^^ ^ multimodal polymer composition for pipes and to pipes prepared therefrom 

[0002] Nowadays, pipes of polymer material are frequently used for various puiposes. such as fluid tranJS^ e* 
ransport of liquid or gas. e.g. water or natural gas. during which the fluid can be pressurised. Moreover, the transported 
flu.dmayhavevafyingtemperatures,usuallywlthinthetemperaturerangefromaboutO*Ctoabout50*C Such pressure 
?.!fnl^' H^'^?^^^^^^ polyolefin plastic, usually unlmodal ethylene plastic such as medium density polyethylene 

(MDPE; density: 0.930.0.942 g/cm3) and high density polyethylene (HOPE; density: 0.942-0.965 g/cm^) By the ex- 
pression pressure pipe" herein is meant a pipe which, when used, is subjected to a positive pressure, i.e. the pressure 
Inside the pipe is higherthan the pressure outside the pipe. k . k «»ur« 

[0003] Polymer pipes are generally manufactured by extrusion, or. to a smaller extent, by Injection moulding A con- 
ventlonal plant for extrusion of polymer pipes comprises an extruder, a die-head, a calibrating device, cooling equip- 
ment, a pulling device, and a device for cutting or for colling-up the pipe. 

[0004] The manufacture of PE materials to be used in pressure pipes is discussed in an article by Scheirs et al 
(Scheirs, Bohm, Boot and Leevers: PE100 Resins for Pipe Applications, TRIP Vol. 4, No. 12 (1996) pp 408-415) The 
authors discuss the production technology and properties of PE1 00 pipe materials. They point out the Importance of 
proper comonomer distribution and molecular weight distribution to optimise the slow crack growth and raoid crack 
propagation. • k ^ a^^iv 

[0005] EP 739937 A2 discloses a pipe made of a bimodai PE resin, having specified stress cracl<ing resistance 
20 impact strength and stiffness, and that the material should preferably have an MFRg not higher than 0.35 g/1 0 min 
[0006] The properties of conventional polymer pipes are sufficient for many purposes, although enhanced properties 
may be desired in applications requiring high pressure resistance, e.g. pipes that are subject to an Internal flu id pressure 
for a long and/or short period of time. As examples of properties which it is desirable to improve may be mentioned 
processability, impact strength, modulus of elasticity, rapid crack propagation resistance, slow crack growth resistance 
25 and the design stress rating of the pipe. 

[0007] It is currently possible to reach a design stress of 8.0 IVlPa by using PE1 00 materials. A stronger PE material 
suitable for design stresses of 9.0 IVlPa (PE112), or even 10.0 (PE125) would be very desirable. 
[0008] The problem has been that when increasing the density of bimodai polyethylene to achieve a higher design 
stress the slow crack growth properties have been lost. However it has now become possible to produce a material 
which has very good slow crack growth properties (even at higher stresses) In combination with extrudabiirty, without 
excessive amounts of gels and with a maintained RCP level. 

[0009] It has now been discovered that it is possible to reach a design stress of 9.0 MPa (PE112), or even 1 0.0 iVIPa 
(PEI 25). when the pipe comprises a composition Including 92-99% by weight of a parttoular bimodai ethylene polymer 
and 1 -8% by weight of carbon black. 

[0010] According to the present invention a polymer composition for the manufacture of pipes having a design stress 
of at least 9.0 MPa (PE112) comprises 92-99% wt of a bimodai ethylene polymer and 1 -8% wt of carbon black, said 
composition being characterised by having MFR5 In the range 0.15 to 0.40 g/10 min and a density in the range 955 to 
965 kg/m3, said polymer being composed of 42-56% wt of a low molecular weight ethylene homopolymer having MFRg 
in the range 350 to 15b0 g/10 min and 58-45% wt of a high molecular weight copolymer of ethylene with 1-hexene, 
40 4-methyi-1 -pentene, 1 -octene and/or 1 -decene. 

[0011] Advantageously the composition has a design stress of at least 10.0 MPa (PE125). 

[0012] The carbon black may be Introduced Into the composition in the fomn of a "master batch" containing 20-60, 
typically 30-50, preferably 35-45% wt carbon black in admixture with other components, suitably an ethylene polymer 
[0013] In a favoured embodiment the composition Is one in which the density of the polymer, before compounding 
^5 . with the cariDon black, is at least 953 kg/m3. and In which the value of FRR21/5 in the composition Including the carbon 
black is at least 38. 

[0014] The invention further comprehends pipes manufactured from the aforesaid composition. 

[0015] The composition of the present Invention is made from a specific bimodai polyethylene. This is in contrast to 

prior art polyethylene pipes which usually are made of unlmodal polyethylene, or from bimodai polyethylene which 

50 does not have the specified molecular weight distribution and composition of the polyethylene of the present invention. 
[0016] The "modality" of a polymer refers to the form of its molecular weight distribution curve, i.e. the appearance 
of the graph of the polymer weight fraction as function of its molecular weight. If the polymer is produced in a sequential 
step process, utilising reactors coupled In series and using different conditions in each reactor, the different fractions 
produced in the different reactors wilt each have their own molecular weight distribution . When the molecular weight 

55 distribution curves from these fractions are superimposed into the molecular weight distribution curve for the total 
resulting polymer product, that curve will show two or more maxima or at least be distinctly broadened in comparison 
with the curves for the individual fractions. Such a polymer product, produced in two or more serial steps, is called 
bimodai or multimodal depending on the number of steps. In the following ail polymers thus produced In two or more 



2 



EP 1 146 079 A1 

uZlT^^r^^^ T '^^^ ^'^^ ^'"^ ^^"^Positions Of the different 

fractions rnay be different. Thus one or more fractions may consist of an ethylene copolymer, while one or more others 
may consist of ethylene homopolymer. k y . • « «ne ur more oiners 

[001 7] By properly selecting the different polymer fractions and the proportions thereof in the multimodal polyethylene 
stress raJig roWaS '''^''^ ^'^"^^ resistance, rapid crack propagation resistance, and a high design 

[0018J The pressure pipe composition of the present Invention Is a multimodal polyethylene, preferably a bimodal 
polyethylene. The multimodal polyethylene comprises a low molecular weight (LMW) ethylene homopolymer fraction 
and a high molecular weight (HIWW) ethylene copolymer fraction. Depending on whether the multimodal polyethylene 
is bimodal or has a higher modality the LMW and HMW fractions may comprise only one fraction each or Include sub- 
fractions. I.e. the LMW may comprise two or more LMW sub-fractions and similarly the HMW fraction may comprise 
two or more HMW sub-fractions. It Is a characterising feature of the present Invention that the LMW fraction is an 
ethylene homopoiymer and that the HMW fraction is an ethylene copolymer, i.e. It is only the HMW fraction that Includes 
a comonomer. As a matter of definition, the expression "ethylene homopolymer" used herein relates to an ethylene 
polymer that consists substantially, i.e. to at least 97% by weight, preferably at least 99% by weight, more preferably 
at least 99.5% by weight, and most preferably at least 99.8% by weight of ethylene and thus is an HD ethylene polymer 
which preferably only includes ethylene monomer units. Preferably, the lower limit of the molecular weight range of the 
HMW fraction is 3500. more preferably 4000, which means that almost all ethylene copolymer molecules In the multi- 
modal polyethylene pipe composition of the invention have a molecular weight of at least 3500. preferably at least 
4000. This prefen-ed lower limit of the HMW fraction gives a pressure pipe with enhanced strength. 
[0019] In the present invention it Is further Important that the proportions of the LMW and HMW fractions (also known 
as the "split" between the fractions) are selected properly. More particularly, the weight ratio of the LMW fraction to the 
HMW fraction preferably lies in the range (42-52): (58-48), more preferably (44-50: (66-50). If the proportion of the HMW 
fraction becomes too great It results in too low strength values and if It Is too low It results In an unacceptable fomiatlon 
of gels. 

[0020] The pipe according to the present invention has a slow crack propagation resistance of at least 1 000 hours, 
preferably at least 1200 hours, and in particular 1400 hours at 4.6 MPa hoop stress at 80«C temperature and at least 
800 hours, preferably at least 900 hours and in particular at least 1 000 hours at 4.9 MPa hoop stress at 80*C temper- 
ature. In addition, the composition which the pipe has been made of has a Charpy Impact strength at 0*C of at least 
10 kJ/m2. preferably of at least 12 kJAnS and In particular of at least 15 kJ/m2. Moreover, the critical temperature of 
the pipe is no higher than — 7*»C. preferably no higher than — 9*C and in particular no higher than — 10'C. 
[0021 1 The pipe Is preferably fonned from a composition comprising 97.0-98.5% by weight of the bimodal ethylene 
polymer and 1 .5-3.0% by weight of cartoon black. The composition preferably has MFR5 between about 0.20 and 0.35 
g/10 min and density between about 958 and 963 kg/nrP. 

[0022] Preferably, the bimodal ethylene polymer is produced in a multistage process. In particular, a process com- 
prising a cascade of a loop reactor and a gas phase reactor is prefen-ed, the polymerisation taking place in the presence 
of a Ziegler-Natta catalyst as disclosed In W0 99/51 646. 

[0023] The melt flow rate (M FR), whteh is equivalent to the term "melt Index" previously used, is an Important property 
of the multimodal polyethylene for pipes according to the Invention. The MFR Is detemnlned according to ISO 1133 
and is Indicated in g/10 mIn. The MFR is an Indication of the flowability, and hence the processability, of the polymer. 
The higher the melt flow rate, the lower the viscosity of the polymer. The MFR is detennined at different loadings such 
as2.1 kg (MFR2 ^; IS0 11 33, condition D) or5 kg(MFR5; IS0 11 33, condition T). At the present Invention the multimodal 
polyethylene should have an MFR5 of 0.1-1 .0 g/10 min, preferably 0.15-0.8 g.lOmin. 

[0024] The quantity FRR (flow rate ratio) is an indication of molecular weight distribution and denotes the ratio of 
-^5 flow rates at different loadings. Thus, FRR21/5 denotes the value of MFR21/MFR5. 

[0025] Another characterising feature of the compositions of the present Invention Is their density. For reasons of 
strength the density lies In the medium to high density range, more partlculariy In the range 0.955 to 0.965 g/cm^. The 
pressure pipes of medium density multimodal polyethylene are somewhat more flexible than pressure pipes of high 
density multimodal polyethylene and may therefore more easily be coiled into a roll. On the other hand it is possible 
to obtain pressure pipes of a higher design stress rating with high density multimodal polyethylene than with medium 
density multimodal polyethylene. 

[0026] It should be noted that the composition of the present Invention is characterised not by any single one of the 
above defined features, but by their combination. By this unique combination of features It is possible to obtain pressure 
pipes of superior performance, particularly with regard to design stress, processability, rapid crack propagation (RCP) 
resistance, design stress rating, impact strength, and slow crack propagation resistance. 

[0027] The processability of a pipe (or rather the polymer thereof) may be determined In terms of the number of 
screw revolutions per minute (rpm) of an extmder for a predetermined output of pipe in kg/h. but also the surface 
appearance of the pipe is then important. 
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£ , Tl!^f r ^^^^^ resistance of a pipe may be determined according to a method called the 

fnSS^t^^^^^^ ""J 'o'"' '"^P^"^' ^^"^9^' London, and which is described 

ImJJ^^ I ^ ii t° ^he RCP.S4 text a pipe Is tested, which has an axial length now below 7 pipe 

WhTn H^* ° 1' tJ^T P'P^ 1 10 mm or greater and Its wall thickness about 10 mm or grea er 

^T£^^^T^ T ^^^P^^Pf^^^ ^ P'P^ connection with the present invention, the outer diameter and the 
T S^^" '^'^'^^ to be 110 mm and 10 mm. respectively. While the exterior of the pipe is at ambiS 
«tT^rI!i^^^^^ '""^ pressurised Internally, and the intemai pressure In the pipe is kept constant 

tir^fnfn t ; r P"^^"'^- P^P^ equipment surrounding it are thermostatted to a prede- 

termined temperature. A number of discs have been mounted on a shaft inside the pipe to prevent decompression 
during the tests. A knife projectile is shot, with well-defined forms, towards the pipe close to Its one end In the so-called 
inrtfatrng zone m order to start a rapidly running axial crack. The initiating zone Is provided with an abutment for avoiding 
unnecessary defomiatlon of the pipe. The test equipment is adjusted In such a manner that crack initiation takes plac^ 
in the material involved, and a number of tests are effected at varying temperatures. The axial crack length In the 
measuring zone, having a total length of 4.5 diameters, is measured for each test and Is plotted against the set test 
temperature, if the crack length exceeds 4 diameters, the crack Is assessed to propagate. If the pipe passes the test 
at a given temperature, the temperature Is lowered successively until a temperature is reached, at which the pipe no 
longer passes the test, but the crack propagation exceeds 4 times the pipe diameter. The critical temperature CT ^) i 
e. the ductile brittle transition temperature as measured according to ISO 13477: 1997(E) is the lowest temperature at 
which the pipe passes the test. The lower the critical temperature the better, since It results in an extension of the 
applicability of the pipe. It is desirable for the critical temperature to be around S^C or lower. A pressure pipe made 
of the multimodal polymer composition according to the present invention preferably has an RCP-S4 value of-I^C 
(minimum requirement for an MD PESO pipe) or lower, more preferably — 4°C (minimum requirement for an HD PESO 
pipe) or lower, and most preferably — T^C (minimum requirement for an HD PE100 pipe) or lower. 
[0029] The design stress rating is the circumferential stress a pipe is designed to withstand for 50 years without 
failure and is determined for different temperatures In tenns of the Minimum Required Strength (MRS) according to 
ISO/TR 9080. Thus. MRS8.0 means that the pipe is a pipe withstanding a hoop stress of 8.0 MPa gauge for 50 yeare 
at 20*»C. and similarly MRS10.0 mans that the pipe withstands a hoop stress of 10 MPa gauge for 50 years at 20»C 
In a similar fashion, M RS 1 1 .2 means that the pipe withstands a hoop stress of 1 1 .2 MPa gauge for 50 years at 20^0 
and MRS 1 2.5 means that the pipe withstands a hoop stress of 1 2.5 M Pa gauge for 50 years at 20'C. A pressure pipe 
according to the Invention has an MRS rating of at least MRS11 .2 

[0030] The Impact strength is deterimend as Charpy Impact Strength according to ISO 1 79. A pressure pipe made 
of the polymer composition according to the present invention preferably has an impact resistance at 0**C of at least 
10 kJ/m2, more preferably at least 12 k/rrP, and most advantageously at least 15 kJ/m2. 

[0031] The slow crack propagation resistance Is determined according to ISO 13479:1 997 in terms of the number 
of hours the pipe withstands a certain pressure at a certain temperature before failure. A pressure pipe made of the 
polymer composition according to the present Invention has a slow crack propagation resistance of at least 1 000 hours, 
preferably at least 1200 hours, and in partteular 1400 hours at 4.6 MPa hoop stress at 80»C temperature and at least 
800 hours, preferably at least 900 hours and In particular at least 1 000 hours at 4.9 MPa hoop stress at BO'C temper- 
ature. 



[0032] The modulus of elasticity is detemnined according to ISO 527-2 (with test specimen 1B). A pressure pipe 
made of the polymer composition according to the present Invention preferably has a modulus of elasticity of at least 
800 MPa, more preferably at least 950 MPa, and most preferably at least 1100 MPa. 

[0033] A pressure pipe made of the multimodal polymer composition of the present Invention is prepared In a con- 
ventional manner, preferably by extrusion In an extruder, a technique well known to the skilled person. 
[0034] It Is previously known to produce multimodal, In particular bimodal. olefin polymers, such as multimodal pol- 
yethylene, in two or more reactors connected In series, for instance from EP-A-51 7,868. which is hereby Incorporated 
by way of reference as regards the production of multimodal polymers. 

[0035] In the production of polymers to be used In the present invention, the main polymerisation stages are preferably 
carried out as a combination of slurry polymerisatlon/gas-phase polymerisation. The slurry polymerisation is preferably 
perfomned In a so-called loop reactor. The use of slurry polymerisation in a stirred-tank reactor is not preferred in the 
present invention, since such a method is not sufficiently flexible for the production of the Inventive composition and 
involves solubility problems. In order to produce the inventive composition of Improved properties, a flexible method 
Is required. For this reason, It Is preferred that the composition is produced in two main polymerisation stages In a 
combination of loop reactor/gas-phase reactor. Optionally and advantageously, the main polymerisation stages may 
be preceded by prepolymerisatlon, in which case up to 20% by weight, preferably 1-10% by weight, more preferably 
1-5% by weight, of the total amount of polymers Is produced. The prepolymer is preferably an ethylene homopolymer 
(HOPE). At the prepolymerisatlon all of the catalyst is preferably charged Into a loop reactor and the prepolymerisatlon 
is perfonned as a slurry polymerisation. Such a prepolymerisatlon leads to less fine particles being produced in the 
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following reactore and to a more homogeneous product begin obtained in the end. Generally, this technique results in 
a multimodal polymer mixture through polymerisation with the aid of a Ziegler-Natta or metailocene catalyst in several 
successive polymerisation reactors. Chromium catalysts are not preferred. In the production of a bimodal polyethylene 
a firct ethylene polymer is produced in a first reactor under appropriate conditions with respect to hydrogen-g as con- 
centration, temperature, and pressure. After the polymerisation in the first reactor, the polymer including the catalyst 
is separated from the reaction mDcture and transferred to a second reactor, where further polymerisation takes place 
under appropriate conditions. Usually, a first polymer of high melt flow rate (low molecular weight, LIVI W) and with no 
addition of comonomer is produced In the first reactor, whereas a second polymer of low melt flow rate (high molecular 
weight. HMW) and with addition of comonomer is produced in the second reactor. As comonomer of the HI^W fraction 
various alpha-olefins selected from 1-hexene, 4-methyl-1-pentene, 1-octene and 1-decene are used. The amount of 
comonomer is preferably such that It comprises 0.1-2.0 mol%, more preferably 0.1-1.0 mol% of the bimodal polyeth- 
ylene. The resulting end product consists of an intimate mixture of the polymers from the two reactors, the different 
molecuiar-wetght-distribution curves of these polymers together forming a moiecular-weight-distributlon curve having 
a broad maximum or two maxima, I.e. the end product is a bimodal polymer mixture. 

[0036] It is also preferred that the bimodal polymer mixture be produced by polymerisation as above under different 
polymerisation conditions in two or more polymerisation reactors connected in series. Owing to the flexibility with re- 
spect to reaction conditions thus obtained, it is most preferred that the polymerisation is carried out in a loop reactor/ 
gas-phase reactor. Preferably, the polymerisation conditions in the preferred two-stage method are so chosen that a 
comparatively low-molecular polymer having no content of comonomer is produced In one stage, preferably the first 
stage, owing to a high content of chain-transfer agent (hydrogen gas), whereas a high-molecular polymer having the 
aforesaid content of comonomer is produced in another stage, preferably the second stage. The order of these stages 
may, however, be reversed. 

[0037] In the preferred embodiment of the polymerisation in a loop reactor followed by a gas-phase reactor, the 
polymerisation temperature in the loop reactor preferably Is 92-98'»C, more preferably about 95»C. and the temperature 
in the gas-phase reactor preferably is 75-90**C, more preferably 82-87*C. 

[0038] A chain-transfer agent, preferably hydrogen, is added as required to the reactors, and preferably 200-800 
moles of Hg/kmoles of ethylene are added to the reactor, when the LMW fraction is produced In this reactor, and 0-50 
moles of Ha/kmoles of ethylene are added to the gas phase reactor when this reactor is producing the HMW fraction. 
[0039] As indicated eartler, the polymerisation catalyst Is preferably a Ziegler-Natta type catalyst. Particularty pre- 
ferred are catalysts with a high overall activity as well as a good activity balance over a wide range of hydrogen partial 
pressures. Furthemriore, the molecular weight of the polymer produced by the catalyst Is of great Importance. As an 
example of a preferred catalyst may be mentioned the catalyst disclosed in WO 99/51646. It has surprisingly been 
foundthat when using this catalyst In a multistage process, it is possible to obtain the polymer having the characteristics 
described above. This catalyst also has the advantage that the catalyst (procatalyst and cocatalyst) only needs to, and 
35 indeed only should, be added in the first polymerisation reactor. 

[0040] Although the invention has been described above with reference to a specified polyethylene, It should be 
understood that this polyethylene may Include various additives such as fillers, etc. as is known and conventional in 
the art. 

[0041] Some additives may have a significant effect on the properties of the polymer. Thus, the density of the carbon 
black-containing polymer is typically significantly higher than the density of the reactor product. 
[0042] Furthermore, the pipe made of the polyethylene composition according to the Invention may be a single-layer 
pipe, or may form part of a multilayer pipe including further layers of other pipe materials. 

[0043] The invention will now be illustrated by way of non-limiting examples of preferred embodiments in order further 
to facilitate Its understanding. All parts specified therein are by weight unless explicitly othenwise indicated. 

EXAMPLES 

EXAMPLE 1 (Preparation of the catalyst) 
50 Complex preparation 

[0044] 8.6 g (66.4 mmol) of 2-ethyl-1 -hexanol was added slowly to 27.8 g (33.2 mmol) of a 1 9.9%wt solution of butyl 
octyl magnesium. The reaction temperature was kept under 35'C. This complex was used In catalyst preparations. 
The molar ratio of 2-ethyl-1 -hexanol to butyl octyl magnesium was 2:1 . 
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Catalyst preparation 

[0045] 3.7 g (1 .0 mmol/g carrier) of 20% ethyl aluminium dichloride was added to 6.9 g of Sylopol 551 0 silica/MgCIa 
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SomZ ore^^^^^ ' ^ (0.9 mmot/g carrier) of complex prepared according to 

Complex preparation was added and the mixture was stirred for 4 hours at 35.46-C. 0.6 g (0^56 mmol/o^Xr^ 1^ 
TICU was added and the mixture was stirred for 4 hours at 35-45«C. The catalyst was 6rieVat%!^^c^^^ 
The composition of the catalyst obtained was: Al. 1 .8%. Mg 3.9%. C1 18.5%. at ^ eo c for 3 hours. 

EXAMPLE 2 

[00461 Into a 50 dm^ loop reactor was added 7.0 g/h of catalyst prepared according to Example 1 2 kq/h ethylene 
^r^r ' ^ temperature was SO^C and ope^ting pressure 65 bl ' ' 

t™r«tT^^ ^^"^^ """^ ^""^ ""^^ « '°°P The reactor was operated at 95-C 

ntTKrctt?tr h^^^^^^ ^"'"^"^ ^^^^ continuous^ introduced 

mto the reactor so that the rate of polymer production was 31 kg/h and the MFR^ of the polymer was 990 g/10 min 
No comonomer was fed into the loop reactor. 2 k y * !»»u g^iu mm. 

\?^^L ^'""^''^^ continuously withdrawn from the reactor to a flash stage, where hydrocarbons were removed 
from the polymer. The polymer was then transferred into a gas phase reactor where the polymerisation was continued 
J^^rTT7^l^^^'^^^^ temperature and 20 bar pressure. Ethylene, hydrogen and 1-hexene were fed into 

the reactor to obtam such conditions that the rate of polymer production was 38 kg/h. IVIFR5 of the polymer was 0 27 
g/1 0 mIn and the density 0.953 kg/dm^. k y « u.i=/ 

(0049] The polymer was then compounded with 5.7% of a Carbon Black masterbatch containing 39.5% of Carbon 
Black, The MFR5 of the compounded material was 0.29 g/1 0 mIn and the density was 0.962 kg/dm^ 
[00501 The compounded material was then extruded Into pipes having an external diameter of about 110 mm and 
wall thickness of about 10 mm. 
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EXAMPLES 3 AND 4 

[0051] Polymer preparations similar to that of Example 1 were carried out under slightly different conditions 
[0052] The polymerisation conditions of Examples 2 to 4. and the properties of the pipes manufactured from the 
products thereof, are summarised in Tables 1 and 2 respectively. 

TABLE 1 





Example 2 


Example 3 


Example 4 


Loop Production, kg/h 


31 


33 


32 


Loop H2C2, mol/kmol 


620 


620 


610 


L00PMFR2, g/10 min 


990 


1010 


1060 


GPR Production, kg/h 


38 


40 


41 


GPR H2/C2 mol/kmol 


9 


7 


8 


GPR Cfi/Cg mol/kmol 


41 


37 


37 


MFR5, powder g/10 min 


0.27 


.023 


0.24 


Density, powder kg/dm^ 


0.953 


0.953 


0.953 


Comonomer content, mol% 


0.37 


0.47 


0.34 



TABLE 2 



50 





Example 2 


Example 3 


Example 4 


MFR5 g/10 min 


0.33 


0.27 


0.22 


MFR21 g/10 min 


12.5 


11.7 


10.0 




38 


44 


45 


Notch 4.6 MPa, 80*C h 


1217 


2156 


1881 


Notch 4.9 MPa, 80*C h 


1422 


965 


1384 


Pent 4.6 MPa, 80''C h 


2569 




4040 
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Example 2 


Example 3 


Example 4 


RCP(Tert,). oc 


-7 


-7 


-11 


Impact strength, kJ/m^ 


13 


12 


15 


Density kg/dm^ 


0.962 


0.960 


0.959 
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Claims 

1 . A polymer composition for the manufacture of pipes having a design stress of at least 9.0 MPa (PE1 1 2) comprising 
92-99%wt off a bimodal ethylene polymer and 1-8%wt of carbon black, said composition being characterised by 
having MFRg in the range 0.15 to 0.40 g/10 min and a density in the range 955 to 965 kg/m3. said polymer being 
composed of 42-55%wt of a low molecular weight ethylene homopolymer having MFRg in the range 350 to 1600 
g/10 mm and 58-45%wt of a high molecular weight copolymer of ethylene with 1-hexene. 4-methyM -pentene 
1 -octene and/or 1 -decene. 

2. A composition according to claim 1 wherein the said polymer is composed of 42-52% wl of said homopolymer and 
58-48% wt of said copolymer. 

A composition according to claim 1 or claim 2 wherein the said polymer is composed of 45-50% wt of said homopol- 
ymer and 55-50% wt of said copolymer. 

A composition according to any preceding claim wherein said MFRg range is 0.15 to 0.30 g/10 min. 

A composition according to any preceding claim wherein said carbon black comprises 20-60% wt of a master batch 
which further comprises a carrier therefor 

6. A composition according to any preceding claim wherein said homopolymer consists to the extent of at least 97% 
wt of ethylene monomer units. 

7. A composition according to any preceding claim wherein said copolymer has a molecular weight of at least 3500. 
a. A composition according to any preceding claim which has a Charpy impact strength at O'C of at least 10 kJ/m^. 

9. A composition according to any preceding claim which comprises 97.0 to 98.5% wt of said polymer and 1 .5 to 3% 
wt of carbon black, 

10. A composition according to any preceding claim which has a density of between 958 and 963 kg/m3. 

1 1 . A composition according to any preceding claim wherein said bimodal polymer has an MFR5 of 0.1 to 1 .0 g/1 0 min. 

1 2. A composition according to any preceding claim wherein said bimodal polymer has a density of at least 953 kg/m^, 

13. A composition according to any preceding claim wherein said composition has an FFRg^/s of at least 38. 

14. A method of producing pipes which comprises extruding a composition according to any of claims 1 to 13 over a 
mandrel and a die and thereafter enlarging the diameter of the extruded pipe to a predetennlned value. 

15. A method according to claim 14 wherein the enlargement is effected by means of a floating plug mandrel. 

16. A method according to claim 14 wherein the enlargement is effected by pulling the pipe through a heated vacuum 

sizing chamber 

17. Pipes formed of the composition claimed In any of claims 1 to 13 and having a design stress of at least 9.0 IVIPa. 

18. Pipes according to claim 17 having a design stress of at least 10.0 I^Pa. 
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at 4.9 



at 4.6 



. Pipes according to any of claims 1 7 to 20 which have a critical temperature of no higher than — 7*C. 

Pipes according to any of claims 1 7 to 21 which have a critical temperature of no higher than — 10*»C. 
!. Pipes according to any of claims 1 7 to 22 which have a modulus of elasticity of at least 800 MPa. 
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